Abstract. S100A8 and S100A9 are calcium-binding proteins that are secreted primarily by granulocytes and monocytes, and are upregulated during the inflammatory response. S100A8 and S100A9 have been identified to be expressed by epithelial cells involved in malignancy. In the present study, the transcriptional levels of S100A8 and S100A9 were investigated in various subtypes of breast cancer (BC), and the correlation with estrogen receptor 1 (ESR1) and GATA binding protein 3 (GATA3) gene expression was evaluated using microarray datasets. The expression of S100A8 and S100A9 in BC cells was assessed by reverse transcription-polymerase chain reaction (RT-PCR). The regulation of ESR1 and GATA3 by administration of recombinant S100A8/A9 was examined in the BC MCF-7 cell line using quantitative (q)PCR. The association between S100A8 and S100A9 and overall survival (OS) was investigated in GeneChip ® data of BC. The expression levels of S100A8 and S100A9 were higher in human epidermal growth factor receptor 2 (Her2)-amplified and basal-like BC. The messenger (m)RNA levels of S100A8 and S100A9 were inversely correlated with ESR1 and GATA3 expression. S100A8/A9 induced a 10-fold decrease in the mRNA levels of ESR1 in MCF-7 cells. Poor OS was associated with high expression levels of S100A9, but not with high expression levels of S100A8 in BC. In conclusion, strong expression and secretion of S100A8/A9 may be associated with the loss of estrogen receptor in BC, and may be involved in the poor prognosis of Her2 + /basal-like subtypes of BC.
Introduction
S100A8 and S100A9 are calcium-binding proteins that are secreted primarily by granulocytes and monocytes (1) . Although S100A8 and S100A9 are able to form homodimers, they typically exhibit pro-and anti-inflammatory properties (2) by forming heterodimers of S100A8/A9, alternatively known as calprotectin (3, 4) . High serum levels of S100A8/A9 correlate with inflammatory response in a number of chronic diseases, including rheumatic arthritis, inflammatory bowel disease and atherosclerosis (5) . S100A8/A9 is proposed to be a sensitive biomarker for monitoring inflammatory activities (6) . Circulating levels of S100A8/A9 have additionally been identified to be elevated in several tumors, including lung, colon, gastric and breast cancer (BC), and may contribute to cancer cell survival and metastasis (7) .
BC may be classified into several molecular subtypes based on gene expression profiles (8) . The estrogen receptor (ER) + subtypes, known as luminal A and luminal B, are the most predominant molecular subtypes of BC (8) . ER + BC, which represents ~70% of all BC cases, presents good prognosis and a better response to endocrine therapies than ER -BC (9) . Human epidermal growth factor receptor 2 (Her2)-amplified and basal-like BC subgroups constitute the ER -subtypes (8) . Other less characterized molecular subtypes, including normal breast-like and claudin-low BC, have additionally been categorized as ER -BC in certain studies (10) . Evidence from previous studies strongly suggests that the molecular subtype influences the systemic therapy and clinical outcome of BC (11) . Her2-amplified BC accounts for ~20-25% of all invasive BC cases, and presents a poor overall survival (OS) rate (12) . However, following the development of drugs such as trastuzumab, which selectively targets Her2, an improved prognosis may be achieved for this subtype of BC (12) . Basal-like BC accounts for ~10% of all BC cases, and presents the worst prognosis, as there is currently no available endocrine or targeted therapy for this subtype of BC (13) .
In BC, S100A8/A9 has been suggested to be a potential candidate for the mediation of metastasis of breast epithelial cells (14) . S100A8/A9 is additionally able to promote the invasion of BC cells by binding to its receptor, known as receptor for advanced glycation end-product (RAGE), on the surface of cancer cells (15) . However, the molecular mechanisms by which S100A8/A9 participates in the regulation of BC survival remain to be elucidated.
In the present study, the expression of S100A8 and S100A9 was investigated in various subtypes of BC, and its secretion by BC cells was evaluated. The present study additionally analyzed the correlation between S100A8/A9 expression and the expression of other genes, including GATA binding protein 3 (GATA3) and estrogen receptor 1 (ESR1), using GeneChip ® data for BC. The effects of the recombinant protein S100A8/A9 on the regulation of GATA3 and ESR1 gene expression were assessed in the MCF-7 human ER + BC cell line. The transcriptional levels of S100A8 and S100A9 and their association with the prognosis of BC were examined using microarray data.
Materials and methods
Microarrays. In the present study, published BC microarray data from a Netherlands Cancer Institute (NKI) cohort was analyzed (16) . NKI data were generated using the Affymetrix ® platform (Affymetrix, Inc., Santa Clara, CA, USA). The gene expression profiling and clinical data of the NKI cohort may be downloaded from http://www.bioconductor.org/packages/ release/data/experiment/html/cancerdata.html. In summary, the NKI dataset contains data measured in 25,000 spot oligonucleotide arrays obtained from 295 cases of BC. All patients were <53 years old and exhibited lymph node-negative stage I or II disease.
Cell culture. The MCF-7 BC cell line was obtained from the American Type Culture Collection (Manassas, VA, USA), and grown in Dulbecco's modified Eagle's medium/nutrient mixture F-12 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.). Cells were maintained at 37˚C in a humidified incubator with an atmosphere of 5% CO 2 .
For investigation of the effects of S100A8/A9 on gene expression, including ESR1 and GATA3, 1x10 6 MCF-7 cells were seeded in a 6-well plate (Corning Life Sciences, Lowell, MA, USA) and treated with 10 ng/ml human recombinant S100A8/A9 (R&D Systems, Inc., Minneapolis, MN, USA) for 24 h. S100A8/A9 expression was additionally investigated in breast tumor tissue samples. Breast tumor tissue was obtained from a 53-year-old patient, who underwent a modified radical mastectomy at the Second Hospital of Jiaxing (Jiaxing, China) following a diagnosis of stage I invasive ductal carcinoma of the left breast. Samples of size 0.5x0.5 cm were disected from breast tumors and adjacent normal tissue, and were stored in liquid nitrogen within half an hour of removal.
RNA extraction and reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from tissues or cells using TRIzol ® reagent purchased from Invitrogen (Thermo Fisher Scientific, Inc.). The RNA samples were treated with 1 µl DNase (5 U/µl; Toyobo Co., Ltd., Osaka, Japan). A total of l µg RNA from each sample was reverse transcribed to complementary (c)DNA in a final volume of 20 µl using a ReverTra Ace ® quantitative (q)PCR RT kit (Toyobo Co., Ltd.). A total of 1 µl of each cDNA sample was subsequently amplified in a PCR mixture with DNA polymerase (Toyobo Co., Ltd.) in a final volume of 25 µl. Human β-actin was utilized as a reference gene. The sequences of the primers used in the reaction are shown in Table I . Primers were designed using Primer Express ® software version 3.0 (Applied Biosystems; Thermo Fisher Scientific, Inc.). The primers were synthesized by Invitrogen™ (Thermo Fisher Scientific, Inc.). Negative controls (no cDNA and no reverse transcriptase) were run in parallel.
The PCR cycling conditions were as follows: PCR was performed on a thermal cycler (ABI Veriti ® ; Thermo Fisher Scientific, Inc.) with an initial denaturation step at 94˚C for 2 min, followed by a specific number of cycles (S100A8 and S100A9, 32 cycles; β-actin, 25 cycles) consisting of denaturation at 94˚C for 20 sec, annealing at the specified temperature for 25 sec, and extension at 72˚C for 50 sec. A final extension step was conducted at 72˚C for 5 min. PCR products were separated using a 1% agarose gel (Gene Company Ltd., Hong Kong, China) with a 100 bp DNA ladder (Toyobo Co., Ltd.) stained with GelRed™ (Biotium, Inc., Hayward, CA, USA). Image Lab™ version 3.0 software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used for densitometry analysis of the DNA gels.
qPCR. Relative messenger (m)RNA levels were quantified using qPCR with Applied Biosystems ® StepOnePlus™ (Thermo Fisher Scientific, Inc.). Primers were designed Table II . PCR amplification was performed in duplicate using 96-well plates (Applied Biosystems; Thermo Fisher Scientific, Inc.) and SYBR ® Green RealTime PCR Master Mix (Toyobo Co., Ltd.). The PCR cycling conditions were as follows: 95˚C for 10 min, followed by 40 cycles consisting of 95˚C for 15 sec and 60˚C for 1 min. The mRNA levels of human β-actin were measured in an identical manner, and served as the reference gene. All samples were normalized to β-actin values, and the results are expressed as fold-changes of Cq value relative to the control using the 2 -ΔΔCq formula (17) .
Serum analyses. Cultured MCF-7 cell medium was collected following two days of incubation, and frozen at -20˚C. The concentration of S100A8/9 in the medium was measured using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Cusabio Biotech Co., Ltd., Wuhan, China), according to the manufacturer's protocol.
Statistical analysis. Data are presented as the mean ± standard error. Differences between means were analyzed using Student's t-test and one-way analysis of variance. For the purpose of studying correlations, Pearson's correlation coefficient was determined using univariate Cox regression analysis. A Kaplan-Meier survival curve was used to analyze survival, and the P-value was calculated using the log-rank (Mantel-Cox) method. The graphical representation of the data and the statistical analyses were performed using GraphPad Prism version 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Expression patterns of S100A8 and S100A9 differ in various subtypes of BC. Initially, the present study investigated the transcriptional levels of S100A8 and S100A9 in various subtypes of BC using the NKI BC cohort. A significant difference in the transcriptional levels of S100A8 was observed among the four subgroups of BC, with increased expression of S100A8 in the basal-like and Her2-amplified subgroups, and lower expression in the luminal A and B subtypes (P<0.001; Fig. 1A) . A similar expression pattern was observed for S100A9 (P<0.001; Fig. 1B ). However, no difference was observed for the expression levels of RAGE (the S100A8/A9 receptor) in the four subgroups of BC (Fig. 1C) .
S100A8/A9 is expressed and secreted by BC cells. RT-PCR
was performed to evaluate the gene expression of S100A8 and S100A9 in MCF-7 cells and breast tumor tissue. Signals corresponding to S100A8 and S100A9 were detected in Figure 2 . Expression of S100A8 and S100A9 in BC tissue and the MCF-7 BC cell line. S100A8 and S100A9 messenger RNA signals were detected in BC tissue, adjacent tissue and MCF-7 cells using reverse transcription-polymerase chain reaction. β-actin was utilized as a reference gene. BC, breast cancer. Figure 1 . Analysis of S100A8, S100A9 and RAGE gene expression in various subtypes of breast cancer using the Netherlands Cancer Institute cohort. The mRNA levels of (A) S100A8 and (B) S100A9 were higher in Her2 + /basal-like breast cancer, and the difference was significant among the four groups (P<0.0001) * P<0.05, the difference between the basal-like and Luminal B and Luminal A groups; # P<0.05 the difference between Her 2+ /ER -group and Luminal B and Luminal A groups. (C) The mRNA levels of RAGE did not exhibit a significant difference among the four groups (P>0.05). The results are presented as the mean ± standard error. RAGE, receptor for advanced glycation end-product; mRNA, messenger RNA; Her2, human epidermal growth factor receptor 2; ER, estrogen receptor.
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MCF-7 cells and in breast tumor tissue (Fig. 2) . ELISA was performed to detect the secretion of S100A8/A9 in the medium of the cultured MCF-7 cells. The concentration of S100A8/A9 was ~7.18 ng/ml in the medium of cultured MCF-7 cells following two days of incubation (data not shown).
S100A8/A9 expression negatively correlates with ESR1 and GATA3 expression in BC.
Calculation of the Pearson's correlation coefficient is a method of measuring the correlation (linear dependence) between two variables (X and Y), whereby a value between +1 and -1 is assigned (18) . In the present study, the correlation of S100A8 and S100A9 with ESR1 and GATA3 genes was analyzed. In the NKI cohort, it was identified that S100A8 expression was inversely correlated with GATA3 (r=-0.391; Fig. 3A ) and ESR1 expression (r=-0.477; Fig. 3B ). Similarly, S100A9 was negatively correlated with GATA3 (r=-0.391; Fig. 3C ) and ESR1 (r=-0.439; Fig. 3D ). Univariate Cox regression analysis revealed that the correlations were significant (P<0.0001).
Treatment with S100A8/A9 regulates ESR1 in MCF-7 cells.
The regulation of ESR1 and GATA3 gene expression by recombinant S100A8/A9 protein in MCF-7 cells was investigated using qPCR. MCF-7 cells were treated with 10 ng/ml S100A8/A9 for 24 h. S100A8/A9 induced 50% inhibition of GATA3, although this was not statistically significant (P=0.078; Fig. 4A ). S100A8/A9 induced a 10-fold reduction in the mRNA levels of ESR1 (P<0.001; Fig. 4B ).
Increased expression of S100A9 correlates with BC prognosis.
In order to investigate the expression of S100A8 and S100A9 and its association with OS, S100A8 and S100A9 expression profiling and clinical data provided by the NKI cohort was analyzed. Patients were divided into two groups based on the expression levels of S100A8 in the top 50th percentile and in the bottom 50th percentile. Survival curves of OS in the two groups were calculated using the Kaplan-Meier method, and compared via the log-rank test. An identical measurement was performed on the basis of S100A9 gene expression. A statistically significant difference was observed between the two groups, and increased S100A9 expression was identified to be associated with poor OS. However, no statistically significant difference was observed for S100A8 expression (Fig. 5) . P-values were calculated using the log-rank test.
Discussion
In the present study, microarray data obtained from a published database was analyzed. Increased levels of S100A8 and S100A9 transcripts were observed to be present in Her2 + /basal-like BC subgroups, whereas they were lower in luminal A/B subtypes. This observation indicated that the expression levels of S100A8/A9 may be associated with the Figure 3 . Correlation between the expression levels of (A) S100A8 and GATA3, (B) S100A8 and ESR1, (C) S100A9 and GATA3 and (D) S100A9 and ESR1 genes in GeneChip® data of breast cancer. GATA3, GATA binding protein 3; ESR1, estrogen receptor 1.
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expression levels of hormone receptors. Subsequently, it was identified that S100A8/A9 exhibited a significant inverse correlation with ESR1 and GATA3 expression. ERs consist of two isoforms, ERα and ERβ, which have been identified to be expressed in multiple tissues, including the mammary gland (19) . ERα is the primary type of ER in breast tissues, and is encoded by the ESR1 gene (20) . High expression levels of ERα correlate with increased mRNA levels of ESR1 (19) . A well-established role of ERα is the maintenance of a differentiated epithelial phenotype in the mammary gland (21) .
GATA3 is the most extensively studied GATA transcription factor (22) . Normal differentiation of duct epithelia may be terminated with a tissue-specific knockout of the GATA3 gene in mice (23) , which indicates that GATA3 has a significant role in ductal epithelial cell differentiation during the development of the mammary gland. GATA3 expression has been reported to possess a positive correlation with ERα Figure 5 . Analysis of OS of patients with breast cancer based on the expression levels of S100A8 and S100A9, using the Netherlands Cancer Institute dataset. Patients were divided into two groups based on their messenger RNA levels of S100A8/A9. High expression levels of S100A8/A9 in the top 50th percentile represented one group, while low expression levels of S100A8/A9 in the bottom 50th percentile represented the other group. Kaplan-Meier OS curves based on the expression levels of (A) S100A8 and (B) S100A9. Expression levels of (C) S100A8 and (D) S100A9 in poor and good prognosis groups, based on a 70-gene signature profile. The results are presented as the mean ± standard error. OS, overall survival. Figure 4 . Effects of recombinant S100A8/A9 protein on GATA3 and ESR1 gene expression in MCF-7 cells. Cells were treated with 10 ng/ml S100A8/A9 for 24 h, while control cells received no treatment. (A) GATA3 and (B) ESR1 mRNA levels were measured using quantitative polymerase chain reaction. Data are expressed as the mean ± standard error. n=4/group. 
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expression (24), and cooperates with ERα in the driving of luminal ductal epithelial cell differentiation during mammary gland maturation (25) . It is considered that GATA3 is able to mediate ERα expression by binding to the promoter region of the ERα gene (26) . Furthermore, increased expression of GATA3 appears to inhibit BC metastasis (27) . It remains to be elucidated whether S100A8 and S100A9 have a role in development of the normal mammary gland. A previous study reported that a S100A9 -/-knockout mouse model demonstrated no obvious cancer phenotype and was fertile; however, this study primarily focused on myeloid cell function (28) . Whether S100A8/A9 has a role in ductal epithelial cell differentiation may be elucidated if breast tissue-specific knockout mice are generated.
The inverse correlation of ESR1 and GATA3 with S100A8 and S100A9 expression observed in the present study indicated that a negative regulation loop may exist between these genes. To address this issue, recombinant S100A8/A9 protein was used to treat MCF-7 cells, and strong inhibition of ESR1 gene expression was observed. By contrast, the mRNA levels of GATA3 demonstrated no significant change. It remains to be elucidated whether a positive feedback loop exists between ERα and GATA3, as a previous study revealed that GATA3 gene expression exhibited no response following administration of estradiol, which activates ER (29) . S100A8 and S100A9 are primarily released by myeloid cells. In the present study, S100A8 and S100A9 gene expression was not only present in BC cells, but S100A8 and S100A9 were additionally secreted by BC cells (30) . Cells in the tumor microenvironment, including endothelial, stromal and infiltrating immune cells, exhibit crosstalk and affect the proliferation and survival of cancer cells (31) . Myeloid-derived suppressor cells (MDSCs) are a population of myeloid cells that are trafficked to the primary or metastatic sites of a tumor (32) . MDSCs display immunosuppressive activities by reducing the proliferation and function of effector T cells (32) . Blocking S100A8/A9 and its receptor RAGE on the surface of MDSCs restores T cell proliferation (7) . A previous study demonstrated that overexpression of chemokine (C-X-C motif) ligand 1/2 in BC cells attracted MDSCs to accumulate in the tumor microenvironment (33) . MDSCs release S100A8/A9, which enhances cancer cell survival and induces additional MDSC accumulation in tumor sites (33) . The tumor-stroma paracrine axis provides a survival benefit for cancer cells in the tumor microenvironment (33) . In the present study, it was difficult to clarify the primary source of elevated S100A8/A9 in ER -BC. S100A8/A9 may exert autocrine and/or paracrine roles, mediating downregulation of the expression of ESR1. The increased concentration of S100A8/A9 in the tumor microenvironment may contribute to resistance to endocrine therapy in ER + BC, as a consequence of suppressing ERα expression.
Using a Kaplan-Meier survival curve, increased mRNA levels of S100A9 were observed to be associated with decreased OS and poor prognosis by analyzing the NKI data. It has been proposed that a 70-gene prognostic signature, the intrinsic subtypes and the recurrence score may be strongly concordant in the evaluation of BC outcome (34) . In the present study, increased S100A8 and S100A9 expression was observed to be associated with poor prognosis and the 70-gene prognostic signature. The results of the present study suggested that the detection of the transcript levels of S100A9 may serve as an indicator for prediction of prognosis of BC.
In conclusion, the present study revealed increased mRNA expression levels of S100A8 and S100A9 in Her2 + /basal-like BC. S100A8 and S100A9 genes are expressed in BC cells, and their expression is inversely correlated with ESR1 and GATA3 expression. Furthermore, treatment of S100A8/A9 in vitro repressed ESR1 expression in MCF-7 BC cells. Increased mRNA levels of S100A9 were associated with decreased OS in BC. Therefore, the results of the present study suggested that enhanced S100A8/A9 expression in the BC microenvironment may reduce the sensitivity of BC cells to endocrine therapy, possibly due to a loss of ER, and S100A8/A9 may serve as a biomarker for prediction of prognosis of BC.
